We then conducted cheating assays using defined deletion mutants, grown in conditions designed to model 43 infected fluids and tissue in CF lung infection and non-healing wounds. Depending on the environment, we 44 found that siderophore loss could lead to cheating, simple fitness defects, or no fitness effect at all. It is 45 therefore crucial to develop appropriate in vitro growth conditions in order to better predict the social evolution 46 of traits in vivo.
60
Siderophore production by the opportunistic pathogen Pseudomonas aeruginosa is a particularly tractable 61 workhorse for sociomicrobiology, facilitating tests of key evolutionary hypotheses (Table 1) .
63
Early research into bacterial public goods focussed on using them as models to test general theory. But as the 64 field progressed, researchers began to suggest that public goods play important roles in infected hosts. This 
97
To assess and extend the potential of laboratory experiments to yield clinically useful data on the evolutionary 98 dynamics of siderophore production, we defined three aims. First, we reviewed published experimental work 99 on P. aeruginosa siderophore cooperation. This literature has not previously been systematically reviewed.
100
Our goal was to characterise any biases in the literature which could restrict its applicability to the various 101 environments in which this flexible opportunist can thrive. We found two such biases and defined two further 102 empirical aims to address these.
104
The first potential bias in the literature was that many experiments (by ourselves and others) used an 105 uncharacterised, UV-generated mutant (PAO9) as a siderophore cheat. We therefore conducted whole-genome 106 sequencing of this mutant to determine (i) the genetic basis of its siderophore-null phenotype, and (ii) whether 107 it carries other mutations that could affect the outcome of competition with the wild type. The second source 108 of bias was the lack of studies employing a well-defined model of chronic infection. We therefore determined 
145
PAO9 was cultured overnight in 10 ml Lysogeny Broth at 37°C on an orbital shaker. Genomic DNA was 146 extracted using a Sigma Aldrich GenElute Bacterial Genomic DNA Kit. Library preparation was performed 147 using the Nextera XT library preparation kit (Illumina), and 2 x 300 bp paired-end sequencing performed on 148 the Illumina MiSeq platform using a V3 sequencing cartridge, to approximately 50x coverage. Reads were 149 assembled using SPAdes run with the -careful flag, and annotated using Prokka. This produced an assembly 150 of 6,232,039 bp comprising 89 contigs with an N50 of 220,789. The assembly was compared with the reference 151 PAO1 genome (NCBI reference sequence NC_002516) using BLAST and the comparison visualised using 152 ACT to search for gene acquisition or loss events. SNP typing was performed by mapping the raw reads of 153 PAO9 against the PAO1 reference genome (NC_002516.2) using SMALT and Samtools. A total of 98.3% of 154 1.17M reads mapped to the reference, from which high fidelity SNPs were called using a cut off of minimum 155 allele frequency of 0.8, minimum quality score 30, and minimum depth of 8. which raises questions about the ability of these mutants to retain cheat at, and persist at, higher frequencies.
244
In some cases, even though co-culture increased mutant relative fitness to > 1, there was no detrimental effect 245 on total population density. 
289
Because of the problems identified with PAO9, we used defined siderophore mutants to test the potential for 
355
We next repeated the pure/mixed culture experiments in synthetic wound fluid (SWF: Werthén et al 2010).
356
The only significant predictor of relative fitness at 24 hours was presence/absence of the wild type (Figure 4a ).
357
The ∆pvdD mutant was as fit as the wild type in pure culture, and the ∆pvdD∆pchEF mutant slightly and 
371
As with the CF lung model, we wished to add spatial structure to SWF to better model a soft tissue infection. 
421
Wild-type P. aeruginosa produced siderophores in all of our test environments. However, there was 422 environment-dependent variation in siderophore production, and the ratio of pyochelin:pyoverdine was higher 423 in chronic infection models than in CAA ( Figure S1 ). This is consistent with a suggestion by other authors that 424 pyochelin production may be favoured in chronic infection, where iron is more freely available, or is bound to demonstrating a benefit to pyoverdine production in this environment, and was able to cheat on the wild type.
428
In all other environments tested, there was no effect of losing pyoverdine production on fitness. Production of for long-term evolution experiments in realistic environments will be invaluable in providing answers.
447
Alongside such models there is also a need for (a) quantitative, rather than qualitative, data from patients on 
